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Introduction {#s1}
============

Oropharyngeal squamous cell carcinoma (OSCC) is the most frequent malignancy of the head and neck region [@pone.0114170-Ferlay1]. The incidence of OSCC is still rising [@pone.0114170-Shiboski1], [@pone.0114170-Blomberg1]. Genetic features and environmental factors may contribute to the incidence of OSCC. Beside the established risk factors tobacco and alcohol consumption [@pone.0114170-Preuss1]--[@pone.0114170-DSouza1] there are several studies that suggest that a subset of OSCC are associated with oncogenic human papillomavirus (HPV) infection, in particular high-risk HPV type 16 [@pone.0114170-Klussmann1]--[@pone.0114170-Gillison1]. Therefore, current studies distinguish a group of HPV-positive and a group of HPV-negative carcinomas [@pone.0114170-Klussmann1]--[@pone.0114170-Gillison1]. As a result of a better response to radiotherapy and chemotherapy in HPV-induced OSCC, recent studies show that the prognosis is superior in HPV-positive carcinomas compared to HPV-negative carcinomas [@pone.0114170-Preuss1]. However, the 5-year overall survival rate remains poor in these patients [@pone.0114170-Bernier1] and ranges from 45% to 58% [@pone.0114170-Eich1]. The tumor-node-metastasis (TNM) staging system is a worldwide accepted classification system and is based on primary tumor classification (T), the number, size and laterality of lymph node metastasis (N) and on the presence of distant metastasis (M). Treatment guidelines for OSCC have been suggested based on clinical (e.g. TNM) and histological characteristics (e.g. Grading). However, these parameters are not sufficient as precise prognostic indicators. Thus, several clinical and molecular factors in carcinogenesis and prognosis have been proposed as prognostic biomarkers in oropharyngeal cancer [@pone.0114170-Huang1]--[@pone.0114170-Preuss2].

Valosin-containing protein (VCP, also known as p97) has been shown to be associated with metastatic potential of cancer cells using the mRNA subtraction technique [@pone.0114170-Asai1]. As VCP is member of the ATPases associated with various cellular activities (AAA) superfamily, it is suggested that VCP is involved in the ubiquitindependent proteasome degredation pathway of Ba (IBa), an inhibitor of nuclear factor-B (NFB) [@pone.0114170-Dai1]--[@pone.0114170-Yamamoto2]. An up-regulation of cell-proliferation and down-regulation of cell death in human cancer cells is effected [@pone.0114170-Yamamoto1]. These findings suggest that the expression of VCP has the potential to predict metastasis and prognosis in various human cancers [@pone.0114170-Yamamoto2]. It has been reported as a suitable biomarker to predict prognosis in esophageal, gastric, prostate and lung carcinoma [@pone.0114170-Yamamoto1]--[@pone.0114170-Tsujimoto1]. Since VCP was shown to be regulated by the E6-E6AP-PTPN3 network, analysis of VCP expression levels in HPV-positive OSCC specimens might be of particular interest [@pone.0114170-Jing1]. On the other hand, VCP is located on chromosome 9p13-p12, a region that is often deleted in HPV-negative OSCC and is associated with a superior disease free and overall survival [@pone.0114170-Klussmann2].

The aim of this study was to analyze VCP-expression using immunohistochemistry staining in HPV-negative and HPV-positive OSCC specimens and to correlate VCP expression levels with clinico-pathological features and survival of these patients.

Materials and Methods {#s2}
=====================

Ethics Statement {#s2a}
----------------

Patient material was used according to the code for proper secondary use of human tissue. The study was approved by the local ethics committee of the University of Cologne medical faculty and was according to the latest version of the Declaration of Helsinki. Written, informed consent had been obtained from all patients.

Patients {#s2b}
--------

Tissue samples from 106 patients were obtained during curative resection for primary OSCC between 2000 and 2005 at the Department of Otorhinolaryngology, Head and Neck Surgery, University of Cologne. There were 75 (70.8%) males and 31 (29.2%) females. The age ranged from 34 to 79 years (mean age 57 years). The clinical and pathological staging of the OSCC was determined via TNM and the seventh edition of the American Joint Committee on cancer staging [@pone.0114170-American1]. The pathological staging and grading was assessed by the pathologists of the Department of pathology, University of Cologne. All patients underwent regular follow-up examinations at the oncological outpatient clinic in intervals of 2--4 months.

Tissue samples {#s2c}
--------------

Additional samples obtained from the OSCC lesions were fixed in 4% formalin and processed routinely for paraffin embedding [@pone.0114170-Yamamoto1], [@pone.0114170-Yamamoto2]. Histological sections were cut at 6 µm and stained with hematoxylin and eosin (H and E) and immunoperoxidase procedures (avidin-biotin complex method). Inclusion criteria of the samples were sufficient-embedded tumor tissue (over 70%).

Immunohistochemistry {#s2d}
--------------------

For staining of VCP, 6 µm sections were cut by a microtome and placed on Superfrost Plus objective plates (Carl Roth, Karlsruhe, Germany). These sections were dried in an incubator at 37°C for 12 h. In the next step the sections were separated from paraffin. This was done by washing the sections with Roti-Histol two times for 5 min (Carls Roth, Karlsruhe, Germany). Afterwards the sections were washed two times with Isopropanol, alcohol in descending concentrations (100%, 96%, 80%, 70% and 40% ethanol) and aqua destillata for another 5 min, respectively (Rehydration). After rehydration, the sections were incubated for 12 h in 0.05 M TBS pH 7.4 in an incubator at 70°C.

Before staining the sections were washed in a phosphate-buffered saline (PBS) for 5 min and in a solution of 3% H~2~O~2~ in methanol to intend a blocking of the peroxidase. Mouse monoclonal Anti-VCP (p97) antibody (BD Transduction Laboratories, Heidelberg, Germany) was used as the primary antibody at a dilution of 1∶500 in PBS. For negative control sections were incubated with hourse anti-mouse mouse antibody at a dilution of 1∶250 (BioLogo, Kronshagen, Germany) in PBS. Primary antibodies were detected by the avidin-biotinylated peroxidase complex (ABC) procedure (Vectastain-Elite-ABC kit; Vector Laboratories, Burlingame, USA) and peroxidase activity was visualized using diaminobenzidine/H~2~O~2~ (BD Biosciences, Heidelberg, Germany). Sections were counterstained with hematoxylin and mounted in Histofluid (Marienfeld, Lauda-Koenigshofen, Germany). Each analysis included negative controls (no primary or no secondary antibody, respectively). Staining of normal epithelium served as positive control. Stained areas were analyzed in a blind manner without any prior information of clinical findings of the patients (CUH, IMCS and SFP) and consensus was achieved. We analyzed the absolute intensity of counterstaining without comparing to non-carcinoma endothelial cells and classified them as level 0 (without counterstaining), level 1 (low grade), level 2 (moderate grade) and level 3 (high grade) ([Figure 1](#pone-0114170-g001){ref-type="fig"}). In statistical analysis level 0 and 1 were summarized to level 0--1 and level 2 and 3 were summarized to level 2--3.

![VCP-expression level in OSCC patients (original magnification, x400).\
**A:** expression level 0, **B:** expression level 1, **C:** expression level 2, **D:** expression level 3. In statistical analysis level 0 and 1 were summarized to level 0--1 and level 2 and 3 were summarized to level 2--3. **E:** VCP expression in non-carcinoma endothelial cells.](pone.0114170.g001){#pone-0114170-g001}

P16 immunohistochemistry {#s2e}
------------------------

Immunohistochemistry of the surrogate marker p16^INK4A^ was performed as reported by our group previously [@pone.0114170-Preuss2].

DNA isolation and HPV typing by PCR {#s2f}
-----------------------------------

DNA isolation was performed using the Gentra puregene tissue kit with proteinase K treatment (Qiagen, Hilden, Germany) according to the manufacturer\'s instructions. The DNA was extracted from the paraffin-embedded samples or taken from fresh frozen samples if existent. Details were reported by our group previously [@pone.0114170-Meyer1].

VCP Expression by qPCR {#s2g}
----------------------

RNA isolated from 15 fresh frozen tumor samples where data from CGH were available [@pone.0114170-Klussmann2] was reverse transcribed using the iScript cDNA Synthesis Kit (BioRad, Munich, Germany). qPCR reactions were performed using iTaq Universal SYBR Green Supermix (BioRad). The following VCP-specific primers were used: Forward primer 5′-AAACCGTGGTAGAGGTGCCA-3′ and reverse 5′-CTTGGAAGGTGTCATGCCAA-3′ [@pone.0114170-Yamamoto3]. The detection of the housekeeping gene β-Actin was used for normalization of mRNA levels: Forward primer 5′-GGACTTCGAGCAAGAGATGG-3′ and reverse 5′-CAGTGATCTCCTTCTGCATC-3′ [@pone.0114170-Hfner1].

Statistical analysis {#s2h}
--------------------

VCP, p16 and HPV-status were analyzed using cross-tabulations, chi-square test and Fisher\'s exact probability test with the software SPSS 21.0. Overall survival and disease-free survival rates were estimated using the Kaplan--Meier algorithm for incomplete observations. The overall survival time was measured from the date of diagnosis to the last date when the patient was known to be alive (censored) or date of death for any reason (uncensored). The disease-free survival rate was defined as the period of time beginning on the date of diagnosis to the day of the last follow-up examination in which the patient was disease-free (censored), or to the date of local recurrence of the disease or occurrence of regional or distant metastases (uncensored). The log-rank test was used to perform the univariate analysis of the various variables. A Cox proportional hazards ratio model was used to determine independent predictors of overall survival using factors significant on univariate analysis as covariates. To correct for multiple testing, p-values were adjusted using the Bonferroni correction. A corrected p-value of \<0.05 was considered to be significant for all analysis.

Results {#s3}
=======

HPV Status {#s3a}
----------

In 93 OSCC cases DNA integrity was sufficient. HPV were detected in 26.9% (n = 25) of 93 OSCC samples, 73.1% (n = 68) of 93 tissue samples showed a HPV-negative result ([Table 1](#pone-0114170-t001){ref-type="table"}). These included HPV16 in 24 (97%) tissue samples and HPV33 in one tissue sample.

10.1371/journal.pone.0114170.t001

###### Clinicopathological characteristics of the OSCC patients.

![](pone.0114170.t001){#pone-0114170-t001-1}

  Clinicopathological characteristics         No. of Patients    \%    N (Total)
  ------------------------------------------ ----------------- ------ -----------
  **Sex**                                                                 106
  Male                                              75          70.8  
  Female                                            31          29.2  
  **Age**                                                                 102
  Median                                            57                
  Range                                           34--79              
   = \<57                                           51          50.0  
  \>57                                              51          50.0  
  **T-stage**                                                             104
  1                                                 29          27.9  
  2                                                 29          27.9  
  3                                                 16          15.4  
  4                                                 30          28.8  
  **N-stage**                                                             101
  0                                                 16          15.8  
  1                                                 21          20.8  
  2                                                 49          48.5  
  3                                                 15          14.9  
  **M-stage**                                                             103
  0                                                 82          79.6  
  1                                                  7          6.8   
  X                                                 14          13.6  
  **Treatment**                                                           102
  Surgery + RT/RCT                                  61          59.8  
  RT/RCT alone                                      21          20.6  
  Surgery alone                                     16          15.7  
  No therapy                                         4          3.9   
  **Regular smoking**                                                     83
  \+                                                73          88.0  
  −                                                 10          12.0  
  **Regular drinking**                                                    83
  \+                                                72          86.7  
  −                                                 11          13.3  
  **Absolute VCP- staining intensity**                                    106
  0--1                                              50          47.2  
  2--3                                              56          52.8  
  **HPV detection and p16 overexpression**                                93
  −                                                 68          73.1  
  \+                                                25          26.9  

Treatment and clinical details of the patients {#s3b}
----------------------------------------------

93 patients were treated in curative intention. 16 patients (15.7%) underwent a surgical therapy without adjuvant radio-/radiochemotherapy. 61 patients (59.8%) were treated by surgical and postoperative radio-/radiochemotherapy. In 21 cases (20.6%) a primary radiochemotherapy was used. Four patients (3.9%) did not undergo a specific therapy. More clinical details are given in [Table 1](#pone-0114170-t001){ref-type="table"}.

Survival outcome {#s3c}
----------------

The mean period of follow-up time was 34.2 months (0.3--131.5 months). The 5-years overall survival and disease-free survival rates were 54.6% and 71.2%, respectively.

VCP-expression in OSCC {#s3d}
----------------------

In total 106 samples were scrutinized carefully. We found a negative or weak VCP-expression in 47.2% (n = 50, level 0--1 staining). Level 2--3 staining was determined in 52.8% (n = 56) of all cases ([Table 1](#pone-0114170-t001){ref-type="table"}). In most OSCC, we found a homogenous staining pattern throughout the entire specimen. Nontumourous oropharyngeal tissue constantly showed no VCP-expression.

Correlation of VCP-expression level, HPV-status and TNM stage {#s3e}
-------------------------------------------------------------

We could not show a correlation of the absolute intensity of VCP-expression level (weak and high) with the stage of all tumors further analyzed to the pTNM classification ([Table 2](#pone-0114170-t002){ref-type="table"}). Furthermore, no correlation could be found between high VCP-expression levels and the T-status, neither in the HPV-positive, nor in the HPV-negative nor in all OSCC samples.

10.1371/journal.pone.0114170.t002

###### Absolute Valosin-contained protein (VCP) staining levels and TNM-stage/HPV-status in OSCC patients.

![](pone.0114170.t002){#pone-0114170-t002-2}

  Patient characteristics                            Total No. of Patients   Patients with absolute VCP level 0--1 expression   Patients with absolute VCP level 2--3 expression   p-value
  ------------------------------------------------- ----------------------- -------------------------------------------------- -------------------------------------------------- ---------
  **T-stage, n (%)**                                                                                                                                                              
  1                                                           29                                11 (37.9)                                          18 (62.1)                         NS
  2                                                           29                                11 (37.9)                                          18 (62.1)                      
  3                                                           15                                 9 (60.0)                                           6 (40.0)                      
  4                                                           29                                17 (58.6)                                          12 (41.4)                      
  **N-status, n (%)**                                                                                                                                                             
  negative                                                    16                                 7 (43.8)                                           9 (56.3)                         NS
  positive                                                    83                                38 (45.8)                                          45 (54.2)                      
  **M-stage, n (%)**                                                                                                                                                              
  0                                                           80                                36 (45.0)                                          44 (55.0)                         NS
  1                                                            7                                 2 (28.6)                                           5 (71.4)                      
  **HPV detection and p16 overexpression, n (%)**                                                                                                                                 
  −                                                           66                                29 (43.9)                                          37 (56.1)                         NS
  \+                                                          25                                10 (40.0)                                          15 (60.0)                      

A Bonferroni corrected p-value of 0.0125 was considered to be significant.

In addition no correlation between VCP-expression level and the HPV status could be shown ([Table 2](#pone-0114170-t002){ref-type="table"}).

Correlation of VCP-expression level, HPV-status and clinical data {#s3f}
-----------------------------------------------------------------

In 106 tissue samples we found a significant difference between patients with level 0--1 staining and level 2--3 staining expression regarding the disease-free survival ([Figure 2A](#pone-0114170-g002){ref-type="fig"}). Patients showing a low VCP-expression (level 1) seem to have a significantly poorer disease-free survival rate (p = 0.024) ([Figure 2A](#pone-0114170-g002){ref-type="fig"}). However a significant difference in overall survival between patients with VCP-expression level 0--1 and 2--3 could not be shown (p = 0.728, [figure 2B](#pone-0114170-g002){ref-type="fig"}).

![A: Overall survival of OSCC patients with absolute Valosin-containing protein (VCP)-expression level 0--1 and 2--3.\
No significance could be shown between the two groups (p = 0.728). **B:** Disease-free survival of OSCC patients with absolute Valosin-containing protein (VCP)-expression levels 0--1 and 2--3. The difference between the two groups is significant (p = 0.024). **C:** Overall survival of HPV-negative OSCC patients with absolute Valosin-containing protein (VCP)-expression level 0--1 and 2--3. No significance could be shown between the two groups (p = 0.470). **D:** Disease-free survival of HPV-negative OSCC patients with absolute Valosin-containing protein (VCP)-expression levels 0--1 and 2--3. The difference between the two groups is significant (p = 0.017). In all OSCC and in HPV-negative OSCC a Bonferroni corrected p-value of 0.025 was considered to be significant.](pone.0114170.g002){#pone-0114170-g002}

In the sub-analysis of HPV-positive (26.9%) and HPV-negative OSCC (73.1%) it could be observed that there is a correlation between weak VCP intensity in HPV-negative patients and a significantly lower 5-year disease-free survival (45.6% vs. 86.4%, p = 0.017, [figure 2C](#pone-0114170-g002){ref-type="fig"}), whereas no significance could be demonstrated between HPV-positive OSCC and the staining level of VCP (100% vs. 82.50%, p = 0.260).

VCP Expression by qPCR {#s3g}
----------------------

HPV-negative samples with a normal 9p13-p12 region showed a significantly higher VCP Expression normalized to β-Actin in comparison to HPV-negative samples with a loss of 9p13-p12 region (p\<0.001, [figure 3](#pone-0114170-g003){ref-type="fig"}). HPV16-positive samples with no aberration of this locus were included for comparison (n = 5) and showed significantly lower VCP Expression (p\<0.001, [figure 3](#pone-0114170-g003){ref-type="fig"}).

![Expression of the VCP gene.\
qPCR has been performed on HPV-negative samples with known status of the 9p13-p12 region containing the VCP gene (5 samples each). Grey dot: HPV-positive sample with loss of 9p13-p12. HPV16-positive samples with no aberration of this locus were included for comparison (n = 5). Expression was normalized to β-Actin. \*\*\* p\<0.001, Kruskal-Wallis test.](pone.0114170.g003){#pone-0114170-g003}

Discussion {#s4}
==========

Oropharyngeal squamous cell carcinomas (OSCC) show great variety in terms of etiology, biological behavior and prognosis [@pone.0114170-Forastiere1]. At least one third of OSCC are HPV-induced cancers, predominantly caused by high-risk HPV type 16 [@pone.0114170-Blomberg1]--[@pone.0114170-Smith1], [@pone.0114170-Kreimer1]--[@pone.0114170-Li1]. Recent studies estimate that the prognosis is superior in HPV-positive OSCC compared to HPV-negative OSCC [@pone.0114170-Lindel1]. A reason for this may be the better response to radiotherapy and chemotherapy, even though HPV-positive patients present with a more advanced stage of disease [@pone.0114170-Klussmann3]--[@pone.0114170-Ang1]. The tumor-node-metastasis (TNM) staging system is a worldwide accepted classification scheme and is used as standard method to predict prognosis [@pone.0114170-Preuss1]. However prognoses of patients are inconsistent even if they are classified in the same TNM-stage. Therefore several clinical and molecular factors were reported in malignancies to reinforce the TNM staging system. For oropharyngeal malignancies recent studies evaluated survivin expression, podoplanin expression and other pivotal cell-cycle proteins regarding the predictive potential on prognosis [@pone.0114170-Huang1]--[@pone.0114170-Preuss2]. VCP-Expression was described as a suitable marker for prediction of grade of metastasis and prognosis in esophageal, gastric, prostate and lung carcinoma [@pone.0114170-Yamamoto1]--[@pone.0114170-Tsujimoto1].

Yamamoto et al. reported that gastric carcinoma with a higher expression of VCP showed higher rates of lymph node metastasis, deep tumor invasion and poorer overall survival and disease-free survival compared with gastric carcinoma with lower expression of VCP [@pone.0114170-Yamamoto2]. In 2004, Yamamoto et al. could show a higher rate of lymph node metastasis, deep tumor invasion, poorer disease-free survival and overall survival in high VCP expression level esophageal squamous cell carcinoma (ESCC) compared to low VCP expression level ESCC [@pone.0114170-Yamamoto1]. Our results show that a VCP overexpression in HPV-negative patients was associated with significantly better 5-year disease-free survival probability (86.4% vs. 45.6%, p = 0.017; [figure 2](#pone-0114170-g002){ref-type="fig"}). In contrast, patients with HPV-positive OSCC showed favorable prognosis regardless of VCP-expression level. These findings were unexpected and differ from previous reports of VCP-expression in esophageal, gastric, prostate and lung carcinoma [@pone.0114170-Yamamoto1]--[@pone.0114170-Tsujimoto1] in which a higher VCP-expression level was correlated with a lower 5-year disease-free survival. Nevertheless, a study by our group showed that 61% of HPV-negative OSCC harboured a (partial) loss of chromosome 9p including 42% of cases with loss of the 9p13-p12 region amongst others harbouring the VCP gene. Whereas loss of 9p in general was correlated with better prognosis in HPV-positive OSCC and was not significantly correlated with prognosis in HPV-negative OSCC [@pone.0114170-Klussmann2], re-evaluation of these data for 9p13-p12 loss revealed a worse prognosis in HPV-negative OSCC (data not shown). Therefore it is possible that there is a direct correlation between 9p13-p12 loss, weak VCP mRNA and protein expression and unfavourable survival in HPV-negative OSCC.

VCP effects a regulation of activation of NFB. NFB is a transcription factor whose activity is involved in apoptosis, cell-proliferation and invasion [@pone.0114170-Mayo1]. Therefore Yamamoto et al. discuss that high levels of VCP may lead to high expression levels of NFB. Thus, NFB-regulated gene products may lead to oral cancer metastasis [@pone.0114170-Dai2]. VCP is also correlated with the ubiquitin/proteasome-dependent protein degradation pathway. Via intracellular pathways VCP is involved in regulation of the cell cycle progression, cell transformation and signal transduction [@pone.0114170-Dai2].

The present study shows that HPV-positive OSCC show a high VCP-expression level (level 2--3) more often (60%) than weak expression (level 0--1; 40%) ([Table 2](#pone-0114170-t002){ref-type="table"}). However, in HPV negative OSCC high VCP-expression level was determined in 56.1% and a weak VCP-expression level in 43.9% ([Table 2](#pone-0114170-t002){ref-type="table"}).

Although lymph node metastasis are more often seen in VCP-expression level 2--3 ([Table 2](#pone-0114170-t002){ref-type="table"}), a significant correlation between high VCP-expression rate in HPV-positive and HPV-negative OSCC and lymph node metastasis could not be shown in our study. Yamamoto et al. could demonstrate significantly higher frequencies of lymph node metastasis in higher VCP-expression level in esophageal squamous cell carcinoma versus weak VCP-expression level [@pone.0114170-Yamamoto1]. Furthermore they analyzed the intensity of immunochemistry staining of the specimens by comparison to non-carcinoma endothelial cells and categorized as follows: weaker (VCP-expression level 1) or equal to or stronger (level 2) than expression in non-carcinoma endothelial cells [@pone.0114170-Yamamoto1]--[@pone.0114170-Tsujimoto1]. A possible explanation could be that a high level of VCP might lead to a degradation of inhibitor Bα (IBα). Hereby higher levels of NFB are reached [@pone.0114170-Asai1], [@pone.0114170-Dai1]. NFB modulates the factors IL-6, IL-8, GRO-1, VEGF and HGF in baseline serum samples [@pone.0114170-Allen1]. A higher concentration of NFB elevates the baseline serum VEGF [@pone.0114170-Allen1]. In addition VEGF may be increased by higher NFB and proinflammatory cytokines in epithelial cells by exposure to carcinogens in tobacco products [@pone.0114170-Anto1], [@pone.0114170-Yang1]. Interestingly, smoking is one of the most important risk factors for HPV-negative OSCC [@pone.0114170-Preuss1]--[@pone.0114170-DSouza1]. Allan et al. could show that elevation of baseline serum VEGF correlates with superior survival in advanced OSCC in patients treated by chemoradiation [@pone.0114170-Allen1].

In conclusion, our study shows that VCP-expression level determined by immunohistochemistry seems to be a prognostic marker in HPV negative OSCC. Further studies are needed to gain insight into the molecular mechanisms that contribute to these findings to transfer them into clinical routine. The results of our study must however be interpreted carefully given the small sample size of our study subgroups.
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